The method of 3D reconstruction of apple shape. Part 2. Geometric 3D model of an apple using Bézier curves. The work encompasses presentation of 3D models of the point and area based shape of a Jonagored apple with the seeds the chamber and seed nest using the connected Bézier curves. An apple, being a biological object of complex shape (concavo-convex surface) are to be modeled using third degree polynomials in Bézier representation to describe the contours on the meridians of the fruit. To model the seeds the chamber and the seed nest of shape similar to rotational solids, the method of rotation of the generating line, consisting of connected Bézier curves, has been proposed. The proposed apple shape model with the seeds the chamber and the seed nest is similar to the actual apple shape, and it can be used to describe the geometric features of apples. The method consisting of description of apple contours using Bézier curves may be applied to describe the shape of apples of other varieties, differing in terms of shape.
INTRODUCTION
Use of computer techniques to support numerical calculations, e.g. Matlab, Mathcad, Maple, Mathematica, allows for mathematic modeling of plant and fruit shape [Prusakowski et al. 2002 , Mieszkalski 2014a , Weres et al. 2014 .
Using computer graphic methods, it is possible to create 2D and 3D geometric models of objects of complex shape [Forrest 1979 , Kiciak 2000 , Foley et al. 2001 . Using the computer graphic tools and CAD 3D systems [Foley et al. 2001 , Prusakowski et al. 2002 , Januszkiewicz 2012 , it is possible to conduct static and dynamic analyses on biological objects [Dobrzański 2007] . The computer graphic methods used to describe plant shapes include: L-systems, fractal methods, superformulas, curves and areas etc. [Kiciak 2000 , Foley et al. 2001 , Gielis 2003 , Gielis and Gerats 2004 , Mieszkalski 2002 , 2007 , 2014b . The shapes of plant objects have been described by Boniecki, Olszewski and Nowakowski [Boniecki and Olszewski 2008] using Gielis superformula [Gielis 2003 ]. Modeling of irregular apple shapes is possible using Bézier curves, developed by Bézier, a French engineer and mathematician [Hebisz 2002 , Dobrzański et al. 2012 , Mieszkalski 2014 . Kiciak [2005] declares that it is possible to assign the t parameter to each point on the Bézier curve. Application of splines in the parametric nota-tion in the case of objects characterized by signifi cant deformation increases the accuracy of their representation, which depends on selection of boundary conditions and approximating functions [Lenda 2006 , 2010 , Lenda and Mirek 2013 . Bézier curves are used in many software tools, such as: Inkscape, CorelDRAW, Adobe Illustrator, Solid Edge, Solid Works, Catia and others [Przybylski et al. 2007 , Jackowski, 2013 . Dynamic visualization is used to solve spatial problems [Dworecki et al. 2012] . Geometric models of fruit solids, as well as seeds and vegetables, are of cognitive value as they can be used for computer simulation, animation, as well as for numeric tests of work processes, including separation, transport, grinding, packaging, storage etc. [Căsăndroiu and Mieila 2010 , Soltani et al. 2010 , Wei-long et al. 2011 . Shapes of biological objects vary [Świetlikowska et al. 2008] , and they cannot be represented by regular solids, such as a sphere, an ellipsoid etc. [Boac et al. 2010] . It is not suffi cient to provide the three basic dimensions (length, width, thickness) to characterize a single biological object, which is irregular in shape. Discrete representation of apple shape is used during design of processes and working machines.
Stock management at production and trade companies [Buliński et al. 2012 [Buliński et al. , 2013 , as well as in food processing industry, using automation tools, as well as application of product classifi cation and diagnostics methods [Janaszek and Trajer 2010] make it possible to identify the working parameters and design decisions with regard to product quality [Dobrzański 2006] .
The aim of this work is to propose a 3D geometric model of an apple with the endocarp and mesocarp using Bézier curves.
MATERIAL AND METHODS
A Jonagored variety apple of the basic dimensions of: apple length h = 77.8 mm, width φa = 84.1 mm, thickness φb = = 82.6 mm, h 1 = 15.1 mm and h 2 = = 13.9 mm, was placed in a test stand [Mieszkalski 2017 ] in order to take photographs ( Fig. 1) . After loading the framed apple photograph in graphic software, and then placing it in a coordinate system and scaling, three connected Bézier curves were matched to its contours. The same was done for the remaining photographs. After cutting the apple and after placing one half of the apple in the graphic program in the coordinate system and scaling, two connected Bézier curves were matched to describe the shape of contours of the seeds the chamber and the seed nest, respectively 
MEASUREMENT RESULTS 
Coordinates
Coordinates of control points of Bézier curves describing the upper part of the apple have been recorded in the following matrix:
(2) 
Coordinates of control points of Bézier curves describing the middle part of the apple have been recorded in the following matrix: 
Coordinates of control points of Bézier curves describing the lower part of the apple have been recorded in the following matrix:
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Coordinates of control points for the fi rst Bézier curve and the second nodal point, connecting the Bézier curves for the apple seeds the chamber [Mieszkalski 2017 ] are recorded in the following matrix: In the case of the area model of the apple shape, the Bézier curve points within horizontal planes, representing the apple contours, have been connected by sections represented by dotted lines. Figure 3 indicates that the 3D model of the Jonagored apple is similar to the actual shape of the apple.
Relative approximation error in points, in which the model does not overlap with the actual apple for the point model, is within 2.56 to 4.74%, and for the area model -within 2.73 to 4.66%. In the case of the area model of the apple shape, the Bézier curve points within horizontal planes, representing the actual apple for the point model, is within 2.56 to 4.74%, and for the area model -within 2.73 to 4.66%.
SUMMARY
The proposed apple shape model with the seeds the chamber and the seed nest is similar to the actual shape of the apple and it may be used for preliminary description of geometric properties of apples, which are concavo-convex objects. The relative approximation error does not exceed 5%. The method proposed can be used to describe the shape of apples of different varieties, whenever a geometric analysis is required.
